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VARIABLE GAIN AMPLIFIER FOR HIGH FREQUENCY BAND 
USING MICROSTRIP HYBRID 

BACKGROUND OF THE INVENTION 

Field of the Invention : 

The present invention relates to a variable gain amplifier for a high 
frequency band, and more specifically, to a variable gain amplifier for a high 
frequency band using a microstrip ring hybrid so that the constant matching 
conditions in input and output may be obtained irrespective of its gain. 

Description of the Prior Art : 

Generally, a conventional variable gain amplifier is able to control its 
gain by converting transmission paths of signals with a switch or by 
15 controlling a bias current or voltage of the amplifier. 

Fig. 1 is a circuit diagram illustrating a conventional variable gain 
amplifier with a switch. The conventional variable gain amplifier comprises 
a fixed variable gain amplifier 101 and a switch 102 which is connected 
between a input terminal IN and an output terminal OUT of the fixed variable 
20 gain amplifier 101. 

When the switch is turned OFF, the input IN and the output OUT are 
disconnected, so that high output power can be obtained by operation of the 
fixed variable gain amplifier 101. When the switch is turned ON, the input 
IN and the output OUT are connected, so that low output power can be 
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obtained. 

In the conventional variable gain amplifier described above, the low 
and high output powers can be obtained in accordance with change of the 
impedance of the amplifier associated with the switch being turned ON and 
5 OFF. Most of the variable gain amplifiers obtain high output power with the 
switch being turned OFF. However, in order to obtain low output power of 
the variable gain amplifier when the switch is turned ON, the gain of the 
variable gain amplifier may be lowered due to the resistance of the switch 
itself. Therefore, it is a problem that good condition of impedance matching 
10 can not be obtained with the conventional variable gain amplifiers. 



SUMMARY OF THE INVENTION 

A object of the present invention is to provide a variable gain amplifier 
in which the output of amplifier to the microstrip ring hybrid having a constant 

15 impedance irrespective of its output power, thereby controlling its gain and 
thus solving the aforementioned problems. 

In order to accomplish the above object, a variable gain amplifier for a 
high frequency band according to the present invention is characterized to 
comprise a divider for dividing a input signal; a fixed variable gain amplifier 

20 for amplifying an output signal of the divider; a microstrip ring hybrid for 
outputting a plurality of signals which have the same or different phases, 
wherein the microstrip ring hybrid comprises a plurality of input terminals and 
output terminals having a constant impedance; a switch for selectively 
inputting an output of the variable gain amplifier to any one of the input 
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terminals of the microstrip ring hybrid; a transmission line for delaying the 
output signal of the divider; and a combiner for combining each of the output 
signals of the microstrip ring hybrid and a signal passing through the 
transmission line and outputting the combined signal, wherein the output 
5 power is controlled by selectively inputting the output of the variable gain 
amplifier to any one of the input terminals of the microstrip ring hybrid by 
means of the switches. 

In addition, a microstrip ring hybrid according to the present invention 
is characterized in that the impedance Z 0 is 50 Q, the impedance of the inner 
10 diameter line is 2 Z 0 , and the distance between terminals is XI A or 3X1 A. 

In addition, a microstrip ring hybrid according to the present invention 
is characterized in that the number of each of the input and output terminals of 
the microstrip ring hybrid is two and the length of the transmission line is XI A 
or 3X/A. 

15 

BRIEF DESCRIPTION OF THE DRAWINGS 

The aforementioned aspects and other features of the present invention 
will be explained in the following description, taken in conjunction with the 
20 accompanying drawings, wherein: 

Fig. 1 is a circuit diagram illustrating a conventional high frequency 
band variable gain amplifier with a switch; and 

Fig. 2 is a circuit diagram illustrating a variable gain amplifier 
according to the present invention. 
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
The present invention will be described in detail by way of a preferred 
embodiment with reference to accompanying drawings. 
5 A microstrip ring hybrid has two input ports through which two signals 

are input and output ports which output the components of addition and 
difference of the two input signals. The microstrip ring hybrid has mainly 
been adapted to a frequency combiner, an amplifier or a high frequency band 
circuit. 

10 When the microstrip ring hybrid is designed to have inner diameter line, 

of which impedance is V2 Z 0 and to have distances between terminals which 
are XI A and 3 A/4, the impedances at the terminals are equal to Z 0 , where the Z 0 
is a characteristic impedance of wave propagation and about 50 Q. 

By using input-output matching characteristics of the microstrip ring 
15 hybrid according to the present invention, it is possible to obtain good input - 
output standing wave ratio irrespective of the output power. Therefore, it is 
possible to implement a variable gain amplifier having constant input and 
output matching characteristics irrespective of the gain. 

Now, the preferred embodiments of the present invention will be 
20 described in details with reference to the accompanying drawings. 

Fig. 2 is a circuit diagram illustrating a variable gain amplifier 
according to the present invention. 

An input signal Snsj is divided into two signals; a signal SO and a signal 
S5. When the signal SO is input to a fixed variable gain amplifier 202, the 
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signal SO is amplified by the fixed variable gain amplifier 202. Passing 
through a transmission line 205, the signal S5 is delayed by the transmission 
line 205 for a predetermined time. 

The output of the fixed variable gain amplifier 202 is transferred to one 
5 of input terminals PI, P2 of a microstrip ring hybrid 204 with the operation of 
a switch 203. When the microstrip ring hybrid 204 receives the output of the 
fixed variable gain amplifier 202, the microstrip ring hybrid 204 converts the 
output of the fixed variable gain amplifier 202 to two signals having the same 
amplitudes and the opposite phases (or two signals having the same amplitudes 
10 and the same phases) through two output terminals Ql or Q2. 

Each of the signals from the output terminals Ql and Q2 of the 
microstrip ring hybrid 204 and the delayed signal which passes through the 
transmission line 206 are combined at the combiner 206. The combined 
signal is output through output terminal Sout of the combiner 206. 
15 Now, the operation of the variable gain amplifier according to the 

present invention will be described in details with reference to Tables 1 and 2 
described below. 

Table 1 shows a signal component in low power characteristics. 

The input signal Sin is divided by the divider 201 into two signals SO 
20 and S5 which have amplitudes of V/ 4l and phases of <|). 

When the signal SO is input to the fixed variable gain amplifier 202, 
the signal SO is amplified by the variable gain amplifier 202, and then, is 
transferred to one of input terminal PI, P2 of the microstrip ring hybrid 204 
with the operation of the switch 203. When the signal SI having the amplitude 
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of GV/V2and the phase of <|> due to the amplification of the fixed gain 
amplifier 202 is input to the input terminal PI, the signal S4 having the 
amplitude of GV/2 and the phase of <j)-90°and the signal S3 having the 
amplitude of GV/2 and the phase of <|>+90 o are output from the output terminals 

5 Ql, Q2 of the microstrip ring hybrid 204, respectively. In other words, when 
the signal SI having the amplitude of GV/ V2 and the phase of <j> is input to the 
input terminal PI and the signal S2 is not input to the input terminal P2, the 
signals S3 and S4 output from the output terminals Ql and Q2, respectively, of 
the microstrip ring hybrid 204 have the same amplitudes and the phase 

10 difference of 180°. 

After that, the output signals S3, S4 of the microstrip ring hybrid 204 
and the signal S6 having the amplitudes of V/V2and the phases of 
(|)+90 o delayed through the X/4 transmission line 205 are input to the combiner 
206. The combiner 206 combines the signals S3, S4, and S6 to output a 

15 signal having the amplitude of V/V2 and the phase of N/A at the output 
terminal S out , where N/A denote a phase which is determined in accordance 
with the characteristics of the combiner. In other words, the signal of the 
output terminal S ou t has a low output power characteristics having a gain of - 
3dB. 

20 

[Table 1] 



Signal 


Voltage 


Phase (°) 


Sin 


V 


N/A 



6 



SO 


V/ v2 


<t> 


SI 


Cj V/ V2 


9 


S2 


0 


XT / A 

N/A 


S3 


CjV/2 


X i O AO 


S4 


(jrV/2 


l rvrvo 

(p-yO 


S!> 


V/ 


q> 


S6 


V/V2 


9+90° 


Sout 


V/V2 


N/A 



Table 2 shows a signal component in high power characteristics. 
The input signal Sin is divided by the divider 201 into two signals SO 
and S5 which have amplitudes of V/ V2 and phases of (j>. 
5 When the signal SO is input to the fixed variable gain amplifier 202, 

the signal SO is amplified by the variable gain amplifier 202. and transferred to 
one of input terminal PI, P2 of the microstrip ring hybrid 204 with the 
operation of the switch 203. When the signal S2 having the amplitude of 
GV/V2 and the phase of § due to the amplification of the fixed gain amplifier 

10 202 is input to the input terminal P2, the signals S4 and S3 having the 
amplitude of GV/2 and the phase of <|)+90 o are output from the output 
terminals Ql, Q2 of the microstrip ring hybrid 204. In other words, when the 
signal S2 having the amplitude of GVY V2 and the phase of § is input to the 
input terminal PI and the signal S2 is not input to the input terminal P2, the 

15 signals S3 and S4 output from the output terminals Ql and Q2, respectively, of 
the microstrip ring hybrid 204 have the same amplitudes and the same phases. 
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After that, the output signals S3, S4 of the microstrip ring hybrid 204 
and the signal S6 having the amplitudes of V/V2and the phases of 
<|)+90 o delayed through the /4 transmission line 205 are input to the combiner 
206. The combiner 206 combines the signals S3, S4, and S6 to output a 
5 signal having the amplitude of V/V2 +GV and the phase of N/A at the output 
terminal S out5 where N/A denote a phase which is determined in accordance 
with the characteristics of the combiner. In other words, the signal of the 
output terminal S out has a high output power characteristics. 

10 [Table 2] 



Signal 


Voltage 


Phase (°) 


Sin 


V 


N/A 


SO 


V/V2 




SI 


0 


N/A 


S2 


GV/V2 




S3 


GV/2 


<|>+90 o 


S4 


GV/2 


<j>+90° 


S5 


V/V2 




S6 


V/V2 


<t>+90° 


Sout 


V/V2+GV 


N/A 



As shown in Tables 1 and 2, when the microstrip ring hybrid is 
designed to have inner diameter line, of which impedance is V2 Z 0 and to 
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have distances between terminals of X/4 and 3A74, the impedances at the 
terminals are equal to Z 0 . Both output terminals Ql and Q2 of the microstrip 
ring hybrid have the same impedance of Z 0 , even though a signal is applied to 
any one of the two input terminals PI and P2 of the microstrip ring hybrid. In 
5 addition, the impedances of the input and output of the transmission line 205 
are equal to Z 0 . Therefore, in the variable gain amplifier according to the 
present invention, there are no changes of the three input impedances and the 
output impedance of the combiner 206. And also, the input and output standing 
wave ratio can be kept constant. 

10 As described above, according to the present invention, the gain is able 

to controlled by selectively inputting signals into the microstrip ring hybrid 
having constant impedance irrespective of the magnitude of the output power 
by using the switches. Therefore, it is possible to keep impedance matching 
of input and output good irrespective of the magitude of the output power. 

15 As a result, it is possible to easily implement a frequency mixer, an amplifier, 
and a high frequency band circuit, etc., having good operational characteristics 
by using the variable gain amplifier. 

The present invention has been described with reference to a particular 
embodiment in connection with a particular application. Those having 

20 ordinary skill in the art and access to the teachings of the present invention will 
recognize additional modifications and applications within the scope thereof. 

It is therefore intended by the appended claims to cover any and all 
such applications, modifications, and embodiments within the scope of the 
present invention. 
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